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ABSTRACT 
 
Cassava (Manihot esculenta Crant) is one of the most important economic crops in tropical and subtropical areas. 
The average yield, compared to its potential, is often low. Harvesting is done with several procedures in global 
areas; the operation is difficult, costly and of low productivity in most regions. The primary objectives of  this 
study were: to assess the techniques of cassava harvest under different methods, land preparation and planting, 
damage or break of tubers, manual and mechanized harvesting, adaptation of varieties, the effect of agronomic 
parameters, soil moisture during harvest, new hand tools and mechanical harvesting. The evaluation methods 
consisted of literature reviewing, explorations, examination of existing tools, modifications and mathematical 
analysis with design and calculation. As a result, an assessment is made of manual and mechanized techniques 
for harvesting, and recommendations are provided about mechanical properties, devices for tuber collection, 
genetics, seed and importance of soil moisture during harvest. 
 
KEY WORDS: Soil moisture, tillage, varieties, planting, harvesting hand tools, mechanized harvesters.  
 
RESUMEN 
 
La yuca (Manihot esculenta Crant) es uno de los cultivos económicos más importantes en las zonas tropicales y 
subtropicales. El rendimiento promedio, comparado con su potencial, suele ser bajo. La cosecha se realiza con 
varios procedimientos en áreas globales conocidas; la operación es difícil, costosa y de baja productividad en la 
mayoría de las regiones. Los objetivos principales de este estudio fueron: evaluar las técnicas de cosecha de yuca 
bajo diferentes métodos, la plantación, el daño o rotura de los tubérculos, la cosecha manual y mecanizada, la 
adaptación de las variedades, el efecto de los parámetros agronómicos, la humedad del suelo durante la cosecha, 
nuevas herramientas manuales y la recolección mecánica. Los métodos consistieron en revisión de la literatura, 
examen de las herramientas existentes, modificaciones y análisis matemático con diseño y cálculo. Como 
resultado, se hace una evaluación de la técnica manual y mecanizada para la cosecha, y se formulan 
recomendaciones de características mecánicas, dispositivos de recolección, genética, semilla e importancia de la 
humedad del suelo durante la cosecha. 
 
PALABRAS CLAVE: Humedad del suelo, labranza, variedades, siembra, herramientas manuales para la cosecha, 
cosecha mecanizada. 
 
INTRODUCTION 
 
There are different methods of cassava 
production, from small farmers, whose work are 
manually, to large-scale producers with extensive 
crop plantations and mechanized labor from 
planting to harvesting. Cassava cultivation 
requires an appreciable amount of labor, 
especially in planting and harvesting. Progress 
made in some countries in mechanized sowing 
improvement and harvesting systems with 
definitely cost reduction. According to Agbetoye 
(2003) and Peipp and Maehnert (1992), the most 
difficult operation in cassava production is the 
harvest. Research by Addy et al. (2004) revealed 
that cassava crop makes up highest cost of 
production. Eze and Ugwuoke (2010) stated that 
cassava tubers production depend on the planting 
material quality used and the agronomic practices 
employed. When mechanization has to take place, 
from a point of view of machine design cost, in 
any new element of agricultural development; in 
the first place, above all, it is necessary to carry 
out a study or test of existing mechanisms or 
machines. If some of them do not give good 
results, it is necessary to carry out adaptation, 
design changes or the need for new versions with 
the requirements observed. The main production 
problems are declining soil fertility, soil erosion 
and limited genetic diversity of the crop. 
Agronomic practices review of such as soil 
preparation, choice, storage, sowing method, 
planting season, fertilization, crop rotation, 
intercropping, and weed control. This work shows 
roughly machines with proper characteristics. The 
objectives: (a) manual technique evaluations of 
cassava harvest under different methods, (b) soil 
preparation for planting, (c) tuber damage or 
breakage in the harvesting process, (e) manual 
harvesting, (f) methods and tools for harvesting, 
(g) mechanized harvesting, (h) manual and 
mechanization proposals for harvesting tools, (i) 
varieties adequacy, and (j) agronomic parameters 
effects like texture and moisture. 
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ECOLOGY AND SINOPSIS 
 
Apart from food, cassava is very versatile; by 
products used in many types of stuffs such as 
nutriment, confectionery, sweeteners, glues, 
plywood, textiles, paper, biodegradable products, 
monosodium glutamate, drugs and cassava chips 
and granules used in animal feed and biofuel 
production (IITA 2009, Zestka et al. 2009, Ocloo 
and Ayernor 2010, Piyachomkwan 2010, 
Ademiluyi and Mepba 2013). Hydrocyanic acid 
(HCN) used as a raw material for acrylic resins, as 
cyanide salts associated with extraction of gold 
and silver, formation of balanced feed for cattle, 
formation of pharmaceuticals and sanitary 
applications. A global area of more than 18 
million hectares and 233 t annual yield (Anderson 
et al. 2000, FAO/IFAD 2011). According to 
FAO/IFAD (2011), of a total world cassava 
production of 233,796,000 t, Africa represents 
51%, followed by Asia with production of 35%, 
the rest with production of 14% goes to the 
Americas and according to MPPAT/INIA/FAO 
(2008) in Venezuela the production was around 
500,000 t. 
 
The cassava plant belongs to the genus 
Manihot of the natural order Euphorbiacea and the 
family Euphorbiaceae. Cassava is a perennial 
shrub of variable size, which can reach 3 m in 
height. The cultivars grouped according to their 
height: low to 1.50 m, intermediate of 1.50 to 2.50 
m and higher than 2.5 m (Sena and Campos 1973, 
InfoAgro 2015). The tubers harvested between 6 
months and 3 years after sowing, also considered 
from six to seven months after sowing (Ekanayake 
et al. 1997, USDA/NRCS 2003). Olukunle and 
Oguntude (2007) reported that soil factors 
influence the shape and size of tubers. It has its 
origins in South America, being native of Brazil, 
where Pierre Martyr recorded for the first time the 
use of cassava roots for bread making in 1494. It 
is now cultivated in all tropical countries 
including East Africa (Ghosh 1961, Arthur 1967, 
Rolleman and Aten 1996). According to UNE 
(2016), there are archaeological evidences that 
date back to over 2200 years (Mexico). The 
cultivation establishment in the tropical world 
began from the beginning of the discovery of 
America. The importation of cassava into West 
Africa attributed in the year 1128 by the first 
Portuguese explorers (Labat 2010, Tadesse et al. 
2013, Ugwu and Ozioko 2015). In the 19th 
century, a method of making farina (cassava meal 
in grains prepared from wild yucca, Manihot sp., 
or cassava) by South Americans introduced in 
Nigeria by slaves repatriated through Sierra Leone 
(Coursey 1967, Oyenuga 1967, Umanah 1970, 
Rolleman and Aten 1996). There are different 
types, cultivated in different places when the 
Europeans discovered the continent. Table 1 
shows dissimilar names in different parts of the 
world for cassava plant (Oyenuga 1967, Umanah 
1970, Root crops/NRI 1987, Agro2 2012, UNE 
2016). 
 
Table 1. Cassava plant names in different parts of the 
world. 
 
Place Name 
Africa (English)  Cassava 
Africa (French) Manioc, maniocs 
Africa (Lingala) Pondu 
Africa (Swahili) Mogo, mihogo 
Brazil  Mandioca, aipim, macaxeira 
China 木薯, mushu 
West Indies  Cassava 
Yoruba  Gbaguda 
Benin  Igari 
Ibo  Akpu 
Efik  Ywa Unenge 
Ragusa  Rogo 
Fulani, Liberia  Bai 
Ghana  Bankye 
Haiti  Kassar 
Holland  Cassava, tapioca 
India  Sagudana, sabudana, kappa 
Indonesia  
Singkong, ubi kettella, kaspe, ubi 
kayu 
Japan キャッサバ, kyassaba 
Tevin  Kougou 
Twi (Ghana) Bankye 
France  Manioc 
English  Cassava, manioc, tapioc 
Latin America  
Yuca (South America), manioc, 
mandioca (Brazil), ramu, boba 
Madagascar  Manioc 
Malesia  Ubi kayu 
México  Guacamote 
Nigeria  Apku, ege, ugburu 
Paraguay Mandió 
Filipinas 
Balanghoy, kamomteng kahoy, 
kasaba, gawgaw, tentu neskok 
Polynesia Manioke, tapioka, manioka 
Puerto Rico Mañoco 
Indonesia 
Ubi ketella and kaspe, ubi 
singkong 
Sierra Leone Cassada 
Sur America Yautia, yuca 
Sri Lanka Maniok 
Thailand 
มนัส ำปะหลงั, man sampalang, man 
sapparrang, มนัส ำปะหลงั 
USA Cassava, cassavas 
Vietnam 
Cŭ sắn, khoaí mì, bȏt nǎng, san, 
cu san tau 
 
PRIMARY PROCESSES AND 
HARVESTING STATUS 
 
In cassava growing, employs different soil 
preparation methods such as mound, flat, ridge 
and furrow depending on soil type and condition 
(Ekanayake et al. 1997, CTCRI 2012). Mound 
adopted on soils that have higher clay content and 
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restricted drainage, while the ridge and groove 
method employed on slopes to prevent soil 
erosion. The furrow method is suitable for sowing 
with irrigation. The level sowing method used in 
places where there are good drainage facilities 
(CTCRI 2012). Ennin et al. (2009) showed that 
ridges cassava planting has the advantage of a 
higher yield of roots. A good set of ridges, shown 
in Figure 1, of 1.20 to 1.50 m wide, using, such as, 
a disk-mounted tool carrier (Beeny 1969), or a 
ridger (Aristizábal and Mejía 2007). There are 
many possibilities. UNE (2016) suggested 
planting the cassava cuttings obliquely, below the 
ground between 3-5 cm in the furrow rib. 
Direction of the shoots should point towards the 
furrow. Sowing in furrows would help harvest. 
The plant demands humid soils. Increased 
irrigation decreases the starch content. Research 
in India has shown that irrigated cassava nearly 
always yielded more; and achieved the best results 
by watering every eight-day, also shown that yield 
decreases in weekly irrigation. Irrigated plants had 
their roots 91-98% in the first 10 cm and those that 
did not receive it, only 29% of the rhizosphere was 
in the upper 10 cm (FDA 2015). 
 
 
 
Figure 1. Cassava planting ridges that helps harvesting. 
 
Harvesting is a process that causes for 
instances: root damage, time-consuming, harsh 
drudgery, proper soil water content requirement 
and foliage inconveniences, that justifies genetic 
exploration, A long-term approach would be a 
program of genetic improvement focusing on 
varieties that offer characteristics that help the 
mechanical elevation of cassava. According to 
Richardson (2011) choice of cassava types with 
good plant height and good branching habit will 
ease crop and harvesting operations and provide 
quality of planting material at the end of the 
harvest. Combination of these features, 
mechanical damage, draft requirement and 
machine wear greatly reduced. Tadesse et al. 
(2015) concluded that limitations of cassava 
production, such as late maturity and scarcity of 
high yielding cultivars should receive due 
attention. Some of these characteristics could be: 
1) Tubers grouped or stuck compact to avoid an 
unfavorable lift. Among them are the Black 
Twig, variety 60506 and hybrid Fl (42074 x 
53101), variety 60447 and F1 hybrids (24,074 x 
53,101) (Beeny 1969, Umanah 1970). 
 
2) Use of early ripening tubers, and diseases 
resistant varieties. 
 
3) Store well varieties days after harvesting like 
Llanerit or Llanerón (Araque 1969). 
 
4) Varieties with lateral growth of the tubers, 
confined to a depth of 20 to 30 cm. Soil 
preparation has great influence on this. There 
are many varieties with these characteristics. 
 
Actually, the first stage in harvesting involves 
foliage cutting. The upper parts of the stems with 
the leaves plucked off before harvest. Only a part 
of the 20-40 cm long stalk attached to the roots left 
to remove them more easily from the soil. This 
step of harvesting causes time consuming and cost 
increases. The second stage includes the 
extraction of the roots accompanied by the 
collection, cleaning and packing. In the manual 
harvesting four techniques are considered: 
 
1) Use of hands, in light or sandy soils, roots up 
lifting with suitable soil water content. 
 
2) Lever use, in soils with a texture ranging from 
loamy to clayey that present problems of 
compaction and lack of moisture at least at 
field capacity, the stalk tied with chains or 
ropes to a sufficiently long, straight and firm 
rod that serves as a lever. 
 
3) Root lifter attachment. In the technique, the 
stem held by a clamp-type attachment fixed 
approximately 30 cm from the end of a stick 
that rests on the ground; used to hook the stem 
by its lower part and lever vertically upwards. 
 
4) Use of a belt, in medium texture soils, a kind 
of belt used that the farmer binds, around his 
back, passing it over his shoulder and tying it 
to the stalk. The hands serve as a grip and give 
vibration to the stem and the body serves as a 
lever. 
 
When harvesting manually, the time 
consumption is high especially in worse soil 
conditions. Cassava picking mainly by hand, 
pulling the lower part of the stem and raising the 
roots of the soil; then, by hand, separate the tubers 
from the base of the plant after the upper parts of 
the stem with leaves removed. Figure 2 shows a 
harvesting procedure with only human effort, 
using hoe (manvetti in malayalam, India, Central 
Tuber Crops Research Institute: CTCRI 2012), or 
any hand tool used to excoriate, break hard ground 
and cut. Figure 3 exhibits the manual start with 
arm effort applied in many countries. The use of 
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manual harvesting tools helps to reduce the effort 
of uplifting the tuberous roots of cassava 
(Amponsah et al. 2014). According to Bobobee et 
al. 2014 and Amponsah et al. 2014, manual 
harvesting is slow and associated with harassment 
and high root damage in dry season. 
 
Tests with a two-person cassava lifter 
demonstrated that raising the tubers was more 
effective than a shovel in light soil. The lifter was 
simply a first class lever with a 3:l mechanical 
advantage mounted on a stand. A pair of tongs 
hangs from the short end of the lever. One person 
placed the jaws of the tongs around the cassava 
plant stem while the other person pushed down on 
the long end of the lever. Since a man can exert a 
down force of 600 N with his body weight, the 3:1 
mechanical advantage of the lever produces a 
lifting force of 1.800 N at the tongs (Campbell 
1990). According to Campbell (1990), the average 
force requirement to uproot one cassava plant is 
1000 N with 600 N average human forces. 
Congruence with Agbetoye (1998) and Kolawole 
et al. (2010), direct lifting of matured cassava 
roots bunches need an average force of 1260 N on 
sandy loam, and 1490 N on clay loam soils with 
moisture content of 10.2 to 19.8%. Humans can 
effectively apply a pulling force of not greater 
than 0.8 kN (Sar and Van Der 1979). 
 
Corresponding to Nweke et al. (2002), the 
manual harvest requires about 22-62 man/ha; in 
China requires 30 man-days/ha. Ospina et al. 
(2002) reported that the manual cost of the cassava 
crop in Colombia requires approximately 25-35 
man/day. The yield of roots per plant is usually 1-
3 kg, and can reach up to 5-10 kg/plant (Sena and 
Campos 1973, InfoAgro 2015). 
 
Many varieties of manual tools used in many 
countries; such as, the use of a stick (Fig. 4). 
Employed in India and Ghana (Fig. 4) (Amponsah 
et al., 2014). 
 
Figures 6, 7 and 9 show modalities used in 
Thailand, Nigeria and Mexico with extension to 
many other countries. All, with second order lever 
application. The length of the resistance to the 
fulcrum, or resistance arm, is about 30 cm. 
 
 
 
 
 
 
Figure 2. Hollow left after using a hoe or digger to 
excavate and remove the tubers. 
 
 
 
 
 
 
 
 
 
Figure 3. Cassava harvesting manual effort. The load 
kept as close as possible to the back and the lifting effort 
done with the leg muscles. Third class lever used to 
protect human spine (Armas 2012). 
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Figure 4. Wooden beam or stick utilized in harvesting. 
Used in many countries. 
 
 
 
 
 
 
  
 
Figure 5. Cassava plant roots lifted with the use of a 
metal crossbar used in India and Ghana (CSIR-CRI) 
(Younus and Jayan 2015). 
 
 
 
 
 
 
 
 
Figure 6.Tuber lift mechanism used in Thailand, 
Nigeria and Mexico 
 
 
 
Figure 7. Model employed in Thailand (Chalachai et al. 
2013). 
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Figure 8. Metallic attachment for the tubercle lifter used in Thailand with modifications. 
 
 
 
Figure 9. Tool used in Nigeria (Odigboh 2016). First order lever. 
 
 
Figure 10 shows a two-leverage tool 
developed in CTCRI (2012). It only takes 14-15 
man-days to harvest one hectare of manioc, while 
30-34 man-days are required for manual 
operation. These low-cost mechanical devices 
reduce the monotony involved with manual 
harvesting. The lever held on a fulcrum, supported 
at the top of a stand. During the operation, the jaws 
open enough to cover the stem of the cassava. It 
has a mechanical advantage of four and its weight 
is 14 kg. The height of the fulcrum adjustment at 
the end of the lever facilitates lifting in plane, 
mounds or ridges. A self-adjusting mechanism 
used to grasp the cassava stem. It has a mechanical 
advantage of 3.4 and the total weight is 8 kg. 
 
 
 
Figure 10. Lifting tubers two lever tools. 
 
Figures 11 and 12 present manual tools for 
harvesting different tubers used in parts of Asia. 
To aid in this type of operation the lifter of Figure 
10 is useful; the foliage first cut off, leaving only 
a part of the stem, the stem attached with a chain 
mounted at one end of the crane, while at the other 
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end there is a handle to lift the plant. The user to 
use the tool of Figure 11 has to press down with 
the body weight for the penetration process and 
push up the tubers. The hand shaft designed in a 
45-degree curve for the user to pull up the tubers 
without body movement (Hudzari et al. 2012). 
 
The application of the second order lever (Fig. 
13) three forms for pulling the tubers annexed to 
the stem of one 30 cm of the plant presented 
(CIGR 1999, Ogunyemi and Adedokun 2012, 
Younus and Jayan 2015, Allen World 2016). 
According to Tarawali et al. (2013) with the lifter 
shown in Figure 13C, could harvest up to 200 
plants per hour. It consists of attachment of a 
frame to a footboard and immovable griping jaws, 
and a lever hinged to the frame. 
 
Application of first and second order lever 
employed in harvesting, Figure 13. 
 
 
 
Figure 11. Tool used in manual assisted harvesting for 
various types of tubers. First order lever (Hudzari et al. 
2012).  
 
 
 
Figure 12. Potato, and other tubers lifting mechanism (Hudzari et al. 2012). First order lever application. 
 
   
 
Figure 13. Three forms of hand tools for pulling the tubers. Second order lever application. 
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Figure 14. Manual tool for tubers pulled up by 
increasing the load at the gripping point. 
Https://www.youtube.com/watch?v=WTiejk4XZi8. 
 
The mechanical harvesting of cassava tubers 
involves implements mainly for roots lifting; 
however, manual effort is, probably, necessary 
later. In practice, the risk of damage is the control 
factor, and the problem becomes finding a 
separation mechanism to avoid cassava tubers 
damage by way of shoving the highest amount of 
soil per unit area. Bobobee et al. (2014) reported 
that with mechanical harvesting, tuber damage 
ranges from 16% to 27%; working best in dry 
fields with moisture content from one percent to 
17 percent with average traction of 10.86 kN at 
depths of 13 to 40 cm. They found optimal 
performance at equipment speeds of 5-8 km·h-1, 
fuel consumption of 15-19 l·ha-1, and a field 
capacity of 0.5 ha·h-1. Amponsah et al. (2014) 
reported that mechanization was best verified in 
dry soils with a moisture content of 12%-16%, 
with a traction requirement of up to 10.33 kN at a 
penetration depth of 23 to 29 cm. According to 
IDAHO (2016), an integrated approach required 
to optimize reduction of damage. This 
contemplates, as far as possible, the ideal soil 
moisture content. The best crop yield achieved at 
a tractor speed of 5 km·h-1 and a field capacity of 
0.4 to 0.53 ha·h-1. Mechanized harvest is an easier 
and very efficient work with field capacity of 0.4-
0.5 ha/day. Furrowed as a practice for planting 
cassava, offers the best possibility for mechanical 
harvesting, since distribution of cassava tubers on 
the ridge at harvest time is an important feature 
that affects the design of new cassava harvesters, 
and performance of existing ones. 
 
At the time of employing machine harvesting, 
needs to dig the soil to depths of between 0.25 and 
0.30 m and handling about 500 kg of soil to 
harvest one plant of cassava, at a planting density 
of 10,000 plants per hectare. At least 75 kW of 
tractor power per row required to achieve this 
(Ogunjirin et al. 2016). The instrumented rig 
uprooted cassava tuber effectively in 10 seconds 
and required a force of 678 N to uproot the cassava 
tuber. The field moisture content of the loamy 
sand soil was 11.96% at harvest while variable 
speed electric gear motor operated at the speed of 
8 mm/s (Agbetoye 1999). Combination of these 
features caused greatly reduction of mechanical 
damage, draft requirement and machine. Tadesse 
et al. 2015 concluded that limitations of cassava 
production, such as late maturity and scarcity of 
high yielding cultivars should receive due 
attention. 
 
The marketplace offers an abundant variety of 
machine like the ones shown in Figures 15, 16, 17, 
18 and 19 that lift a great variety of tubers by soil 
mass turning up causing ample soil mass activity. 
This procedure triggers root damage especially 
with inadequate soil water content. Numerous 
align the tubers for hand-picking up. 
 
The harvesting machines that grip, lift, and 
transport the stem and tubers shown in Figure 20, 
that appeared in the last century. Foliage cutting is 
required initially. 
 
 
Figure 15. Cassava harvester machine. A, C and F hitching points, D cutting blade, B lifting and lining blade, and G 
separating root and soil mesh (Alibaba.com. Allen’s World Cassava Harvest In Issac.htm. Zoomlion). 
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Figure 16. Harvesting machine for lifting, cleaning and swathing of tubers (Alibaba.com. Allen’s World Cassava 
Harvest In Issac.htm. Zoomlion). 
 
 
Figure 17. Rigid harvester (A) and flexible or vibrating harvester (B) (Alibaba.com. Allen’s World Cassava Harvest In 
Issac.htm. Zoomlion). 
 
  
Figure 18. Uplifting, cleaning and swathing harvesting machine (Alibaba.com. Allen’s World Cassava Harvest In 
Issac.htm. Zoomlion). 
 
 
A
B
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Figure 19. Uplifting and swathing harvesting machine 
(Alibaba.com. Allen’s World Cassava Harvest In 
Issac.htm. Zoomlion). 
 
Figure 20. Removing and uplift harvester 
(Alibaba.com. Allen’s World Cassava Harvest In 
Issac.htm. Zoomlion). 
 
PROPOSED HARVESTING MANULA 
TOOLS AND COMPLETE MACHINES 
 
The procedures reviewed good characteristics 
implements, experiences already made in 
different parts of the tropics, physical 
observations, roots collection by pulling them by 
hand, existing manual mechanisms and current 
machines for harvesting such as sugar beet. The 
relationship shown in Equation 1 offers real 
measurement transformation to graph measures, 
and vice versa: BP power or input arm, DP power 
displacement, BR arm effort or resistance or 
output arm or load arm and DR displacement 
resistance (IES 2016).  
 
BP BR
DP DR
                (1) 
 
For levers application of the law of 
conservation of energy: 
 
W1 = F1*DX1 work done by arm 1               (2) 
 
W2 = F2*DX2 work done by arm 2             (3) 
 
W1 = W2 ⟹ ∴ F1*DX1 = F2*DX2               (4) 
 
1 2 1
2 21
X F DX
MA
X F DX
    ,  
mechanical advantage               (5) 
 
The following introduced devised equations 
for calculations in the application when 
employing several levers in a mechanism. Arms 
vertical displacement (DXn), arm’s length (Xn), 
arm angles with respect to X coordinates (θ) and 
forces (Fn): 
 
1 1
n n
n
DX X
DX X
   
n = 1, 2, 3, 4… n levers and arm number (6) 
 
1
1
* n
n
DX X
DX
X
  n = 2, 3, 4…   (7) 
 
11
2 1
1
( )
2*
DX
arsin
X
            (8) 
 
1
2 12* * ( )n nDX X sin   n = 1, 2, 3, 4…  (9) 
 
1 1*
n
n
DX F
F
DX
    n = 2, 3, 4, 5 …             (10) 
 
2 2
1
1
*DX F
F
DX
                (11) 
 
1 1*
n
n
X F
F
X
  n = 2, 3, 4, 5 …             (12) 
 
2 2
1
1
*X F
F
X
            (13) 
 
The drawings designed with Power Point 
permits interconnect graph measures with real 
ones, helping choose the proper one, applying the 
arithmetic relation with Equation 14: 
 
known real dimension*graph dimension =new graph dimension*new real dimension     (14) 
 
Using the second-order lever, when applying a 
load (F1) (Figure 21); F2 = (F1 * X1)/X2 would 
be obtained at the stem attachment point. The 
distance X2 (variable), from de fulcrum (force P) 
Cassava and its harvesting 
Saber, Universidad de Oriente, Venezuela. Vol. 29:723-742. (2017) 
733 
to the point of the stem attachment, be as small as 
possible, allowing a lift of the stem about 30 cm 
from soil level. The distance X1 (variable) due to 
stem diameter or to the applying force F1 position. 
 
 
 
Figure 21. Manual tool based on second-order lever system. 
 
 
Algorithmic analyzes for manual tool of 
Figure 21. 
  
2 1 0P F F                   (15) 
 
1 2F P F    F1 is the applied force               (16) 
 
2 1P F F    P is the fulcrum force               (17) 
 
1 1 2 2 2*( ) * 0F X X F X                     (18) 
 
1 1 2
2
2
*( )F X X
F
X

    
F2 is the lifting force             (19) 
 
F2 = (X1/X2)*F1                      (20) 
 
2 21
4
h b a  , triangular height              (21) 
 
cos( )
2*
b
ar
a
                  (22) 
 
MA = X1/X2 = Load arm/Effort arm.  
Mechanical advantage (MA)         (23) 
 
Considering the needs to increase the tubers 
force lifting, it would be essential to intensify it, 
especially with the lever of second order and 
combinations of levers. Figure 22 shows 
application of the second-order lever. For the 
algorithmic analyzes the figure fitted in to 
components: A and B. 
 
 
Figure 22. Hand tool based on the second-order lever 
system. 
 
Algorithmic analyzes for manual tool of 
Figure 22. F4 act for the pulling stem force. 
 
Examining moment in Figure 22 part A with 
respect to point 3: 
 
 
(3) 0M   ⟹ F1*(L1*cos(θ)+L2) – F2*L2 = 0   ⟹              (24) 
BarVertical View
Horizontal View
X2
X1
X2
X1
F1
F2 (Stem Connection Point)
Fulcrum
F2 (Stem Connection Point)



b
b
a
Fulcrum
Horizontal View
P (Fulcrum Force)
P (Fulcrum Force)
Vertical View
Twisted Type 
Straight Type 
F1
P
F2
F4
L1
L2L4
4
1
LV
F5
AE

3
2
LH
Stem grip force   
by pushing
F4
4
M4
2
F2
(B)
(A)
(A)
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2 1 1 1 2 1 1 2
2 2
1 1
*( * *cos( ) * ) * *( *cos( ) )F F L F L F L L
L L
            (25) 
Examining moment in Figure 22 part B with respect to point 4: 
 
(4) 0M   ⟹ M4 – F4*(L2+L4) = 0                  (26) 
 
Force system for Figure 15 part B 
 
0Fy    ⟹ − F2 + F4 = 0 ⟹ F4 = F2.            (27) 
 
 
M4 = F2*(L2+L4)               (28) 
 
Figures 23 and 24, first and second order 
combination. Algorithmic analyzes are shown 
below the Figures. 
 
 
 
Figure 24. Manual tool based on first and second class 
levers. 
 
Considering in Figure 25, that permits load 
resistance increase; allow, arm X1 equal to 200 cm 
long, this value measured in the graph correspond 
to 8.19 cm based on 0.5 cm grid. Determining X4 
in the Figure found it equal to 3.7 cm, then: 
 
 
Figure 25. Manual tool based on first and second class 
levers. 
 
1 1
4
4
*X F
F
X
                (29) 
1 4
4
1
*
AL
DX X
Y DX
X
      
 
Lifting height. Also calculated by:            (30) 
 
1
24 4 12* * ( )ALY DX X sin                 (31) 
 
11
2 1
1
( )
2*
DX
arsin
X
                          (32)  
 
Considering X1 = 200 cm, F1 = 10 kg, X4 = 3.7 
cm measured in the power point graph and 74 cm 
real, and DX1 = 155.6 cm: 
 
4
200*10
27.03
74
F kg  . Reduce X4 size (33) 
 
4
155,6*74
57.57
200
ALY DX cm   . Also:     (34) 
 
1
2 1
155.6
( ) 22.89º
2*200
arsin                (35) 
 
4 2*74* (22.89) 57.57ALY DX sin cm      (36) 
 
YAL = 3.1 cm evaluated in the graph, equal to 62 
cm real 
 
Presented combinations of second, first and 
third order class levers in Figure 26. A third order 
lever is one, which has the effort between the 
fulcrum and the load. Such levers do not have 
good mechanical advantage. In fact, they have 
mechanical disadvantage. The effort is closer to 
the fulcrum than the load. The effort is always 
greater than the load. However, one advantage of 
such levers is that the distance moved by the load 
is greater than the distance moved by the effort. 
 
Figure 27 shows circular rotation procedure 
application to cause linear motion. This renders 
reduction of mechanisms. 
 
X1
X2
F2
F4
F1
F3YB
YA
XC
XHYAL
DX1
X3
X4
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Figure 26. Manual tool based on first, second and third class levers. 
 
 
Figure 27. Manual tool based on first and second class levers, with increased load. 
 
* *
360
C a
a AL
D
L Y
 
   . Arc length (La), 
circumference diameter (Dc) and arc angle (θa) (37) 
 
YAL ≅ La                     (38) 
 
Dc = 3.3 cm in the graph ⟹ the arc length 
*3.3*70º
2.01
360º
a ALL Y cm

    measured in 
the graph) ⟹La = 40.2 cm in real. By 
comparison: 
 
Let X1 = 200 cm, X2 =35 cm (Equal to the 
circle radius) and DX1 = 150 cm: 
 
1 2
2
1
*DX X
DX
X

  ⟹ 
2
150*35
26.25
200
DX  
 cm (39) 
 
1
1
1
2* sin( )
DX
ar
X
  ⟹  
150
2* sin( )
200
ar = 97.18º 
Approximately X1 angle         (40) 
 
2
2
2
2* sin( )
DX
ar
X
   ⟹ 2
26.25
2* sin( )
35
ar   
= 107.98º                  (41) 
 
1
22 2 22* * ( )DX X sin  =  
2*35*sin(53.99) =  52.5 cm                    (42) 
 
The force resulted in the rope: 
 
1 1
2
2
*F X
F
X

20*200
35
 = 114.29 kg       (43) 
 
Figure 28 shows the lift schemes for extraction 
of cassava tubers with the use of hydraulic 
cylinders. The hydraulic cylinders exist in the 
market in various forms, such as, for weights of 
up to 225 kg and lifting height from 44-183 cm. 
Rapid cylinder action required. According to 
Campbell (1990), Agbetoye (1998) and Kolawole 
et al. (2010), an average need of 100 kg force to 
uproot one cassava plant with 60 kg average 
human forces. Direct lifting of matured cassava 
roots bunches require an average force of 126 kg 
on sandy loam, and 149 kg on clay loam soils with 
moisture content of 10.2 to 19.8%. No doubt, at 
harvesting time a suitable soil wetness to ease 
uprooting and avoid root damage is necessary. 
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Figure 28. Hydraulic manual tool based on the second-class lever system. 
 
 
A mechanized harvester, exposed in Figures 
29 and 30, analytically analyzed based on methods 
as the one used in hand lifting and root elevating 
machine, like to sugar beet harvester. Comparable 
proposal schemed originally by Hossne (1971, 
1974) and cited by CIAT (1971, 1975, 1987), 
Toro et al. (1977), IDRC (1980), Toro y Atlee 
(1981), Arismendi (2001). It displays raise and 
transport chain with rubber belts, rotation and 
pressure pulleys. This setup would let the not 
removal of the foliage cutting as a first stage by 
annexing a cutting attachment at the top end of the 
chain separating the foliage and tubers; the foliage 
throwing side wise, and the tubers dropped on a 
gathering accessory. It is important to agree that is 
cheaper to adapt the growing plant system to 
machine harvester than the contrary. If required 
attached loosening vibrational system according 
to soil texture and conditions; although, believed 
that with adequate cultivation and soil wetness is 
not necessary, contemplating probably the same 
of tubers damage.  
 
 
Figure 29. Proposed machine; for pulling, lifting and transport of foliage and tubers. 
 
 
 
 
 
 
Loosening vibrational system. 
Attached if required 
Cutting procedure
Swerve attachment  to 
move foliage to left of 
tractor 
Lifting and transport arrangement vertical view
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Analytical Equation  
 
Figure 30. Force and speed diagram of the lifting and transport system 
 
Nomenclature 
 
MCT = Mass of the puller-conveyor chain, stem 
of the plant plus tubers, (kg). 
FCT = Weight of the puller-conveyor chain 
plus plant and tubers, (N). 
 
FC = Driving force needed by the chain, (N) 
FF =
 
Resistive force due to bearing friction or 
system dynamics, (N) 
 
VT = Tractor speed, (km/h) 
 
θ   = Chain inclination, (º) 
 
LC = Length of chain from start to release 
point, (m) 
 
hC  =  Discharge height or transport height, (m) 
 
VC = Puller-lift chain speed at tilt θ, (m/s) 
 
VCX = Speed of the chain in the direction of X, 
(m/s) 
 
VCY = Speed of the chain in the direction of Y, 
(m/s) 
 
DP    = Plants distance, (m) 
 
W = Work required in the system, (Nm (J)) 
 
P = Power, (W) 
 
tPT   = Time per plant for tractor movement, (s) 
 
tPC   = Chain time per plant lifting and 
transport, (s) 
 
tPCX   = Chain time per plant lifting and 
transport in the X direction, (s) 
 
a = Acceleration of the puller-conveyor chain 
system plus tubers, (m/s2) 
 
P = Chain output power, (W) 
 
g = Acceleration of gravity, (9.81 m/s2) 
 
t = Time, (s) 
μ = Bearing friction coefficient.  
 
Force Analysis 
 
Equation of motion for puller-conveyor chain: 
 
*CT C FF F F m a                 (44) 
 
The movement is rectilinear with constant 
speed; then, the acceleration of the chain is equal 
to zero. The FCT force decomposed into two 
components with respect to chain direction:  
 
*CT CTF M g                      (45) 
 
*sen( )CTI CTF F                 (46) 
Equation 4 obtained by summing 
perpendicular forces in the inclined direction of 
the chain by homologous triangles: 
 
CTI C
CT C
F h
F L
                (47) 
 
With is equilibrium, it follows that FCTI = MCT 
* sin (θ) * g. If there is no equilibrium the body 
would move, and FCTI> MCT * sin (θ) * g. As well: 
 
FCTI * LC = (MCT*g *sen(θ)) * h          (48) 
 
VT

VCY
MCT
FC
FCY

Y
X
Harvesting 
direction
VCX
FCX
FF
MCT
VC
FF
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FCTI = (MCT*g*sen(θ)) * (hC/LC) = (MCT*sen(θ)*g) 
*sen(θ) (49) 
 
Addition of parallel forces in the inclined 
direction of the chain engenders Equation 7: 
 
* ( ) 0C F CTF F F sen                  (50) 
 
* ( )C CT FF F sen F                    (51) 
 
*CT
C F
M h
F g F
Lc
                         (52) 
 
* *
* * *cos( )CTC CT
M g h
F M g
Lc
       (53) 
 
W = FC *LC = MCT*sen(θ)*g*VC*Δt             (54) 
 
* ( )* *CT C
W
P M sen g V
t
 

             (55) 
 
* ( )*CTI CT
C
P
F M sen g
V
                (56) 
 
Speed analysis 
 
The mechanical advantage (MA) defined by 
the ratio of the output force exerted on the load 
and the applied force. For the puller chain, the 
output force is the gravitational force product of 
the mass of the chain system plus the mass of the 
tubers and stem, its weight is FCT. The coefficient 
for bearing friction of chain conveyors considered 
equal to 0.25 without lubrication and with 
lubrication of 0.15 (Renold 2016). Movement of 
the chain with weight FCT in an inclined position 
with an angle θ with respect to direction of the 
tractor is subject to extra forces such as friction FF, 
chain weight and weight of the transport material. 
The equation for the potential balance (P): 
 
* *sen( )*V *C C CT C F CP F V F F V   (57) 
 
* *V *C C CTI C F CP F V F F V           (58) 
 
Equation 59 shows the chain speed VC in the 
inclined direction. On the right side, the sum of the 
power dissipated by the resisting forces and the 
power used to overcome the components of the 
chain weight plus the weight of the tubers and part 
of the stem that carries: 
 
* ( )
C
C CT F C CTI F
P P
V
F F sen F F F F
 
   
     (59) 
 
C
C
L
V
t
         (60) 
 
The harvesting equipment coupled to the 
tractor has the same speed of the tractor and the 
same contact with the plants in the time. 
 
*(10 / 36)
P
PT
T
D
t
V
                (61) 
 
P
PC
C
D
t
V
               (62) 
 
10
*
36
C TV V                 (63) 
 
*cos( )CX CV V             (64) 
 
* ( )CY CV V sen           (65) 
 
*(10 / 36) / cos( )C TV V          (66) 
 
CONCLUSIONS 
 
Cassava harvesting due to: its tuber size, soil 
texture and conditions, cultivated on all soil 
texture, grown with different sowing method, 
different varieties, different soil planting 
arrangement, tuber damage chance, diverse soil 
wetness condition, high harvesting cost, high 
timeliness factor, labor requirement, manifest 
great extension world production, great globe 
consumption and usage, and that it growths 
anywhere, with any conditions. Then, it needs, 
necessarily, a favoring cultivation system to 
amend the process.  
 
Mechanisms operated under good humidity 
conditions, suggested below field capacity 
accordance with soil texture. Furrow or ridges 
planting facilitating formation of tubers and 
harvesting manually, semi-mechanized or fully 
mechanized. Existing genetic varieties or via 
research that helps tubers horizontal gathered 
growth and foliage that eases direct stem seizing 
during harvesting. 
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